3) Pulp death may be followed by insidious development of a chronic apical abscess or dental cyst.
(3) Pulp death may be followed by insidious development of a chronic apical abscess or dental cyst.
(4) Prophylactic treatment by occlusion of the invagination orifice at the cingulumn pit is advised. The significance in relation to orthodontic treatment is noted. CONCLUSIONS It appears that spontaneous pulp death may occur in teeth with minor invaginations. This is often unnoticed by the patient. A chronic apical abscess or dental cyst may result and be discovered only on routine radiographic examination or because the patient presents with one of the various symptoms of such a periapical condition.
(38 clinical photographs and radiographs illustrated the original communication.)
The Pathology of Pulp Death in Non-Carious Maxillary Incisors with Minor Palatal Invaginations By IVOR R. H. KRAMER, L.D.S. R.C.S. Department ofDentalPathology, Institute ofDental Surgery, Eastman Dental Hospital A LARGE number of papers have been published describing histological studies on invaginated teeth, but the majority of these have been on the grosser forms of invagination usually referred to as dens in dente. Gustafson and Sundberg (1950) review 68 previous communications. As Hallett has shown in Table III the smaller and less readily recognized invaginations (Hallett's Classes IT to IV) are quite common, and it is this type of abnormality that forms the subject of the present study. The investigation was started when it was pointed out (Stephens R. R., 1951, personal communication) that the majority of permanent upper lateral incisors that had suffered "spontaneous" pulp death (i.e. pulp death in the absence of caries or a history of trauma) showed the radiological appearances typical of minor degrees of invagination. The purpose of the investigation was to determine the relationship between these two associated observations. METHOD Although many previous workers chose the ground section technique for the preparation of their material, it was considered that paraffin sections of decalcified specimens had overwhelming advantages, for by this method soft tissues are preserved and serial sections can be obtained. The only definite advantage of the ground section technique is the preservation of the enamel, but it was felt that, even in decalcified material, it might be possible to determine the distribution of the enamel within the invagination as enamel matrix is often preserved during decalcification in such protected sites.
Following radiographic examination to determine the anatomical features of the abnormality, each specimen was decalcified and serial paraffin sections prepared. The specimens of upper lateral incisors with palatal invaginations were cut in the labio-palatal plane; that is, in the long axis of the tooth at right angles to the labial s.,rface.
RESULTS
It was difficult to obtain a specimen of this type of abnormality prior to pulp death. However, in one instance such a specimen was obtained, extraction of the tooth being indicated because of gross root resorption in association with an unerupted canine. Fig. 1 shows a section of this specimen prepared as described. There is a palatal invagination of moderate size and a small cornu of the pulp extends for a short distance behind the invagination towards the palatal surface of the crown. The pulp shows no histological evidence of inflammation, the only abnormality being the presence of some calcified deposits near the base of the invagination. Such deposits were not found in other specimens.
The majority of specimens on section showed only necrotic tissue within the pulp space. However, it was noticed that there was evidence that abscess formation had preceded death of the pulp (Fig. 2 ). This observation was confirmed by the examination of further sections impregnated by the Gomori method for the demonstration of reticulin (Fig. 3) . In such preparations the reticulin "scaffolding" of the pulp was clearly seen and close examination showed the typical appearance of an abscess wall in the region of the invagination. Although it has, so far, proved impossible to obtain a specimen with such a minor invagination in which an abscess has developed but death of the pulp has not supervened, further confirmation of the observation that abscess formation preceded pulp death was found.following the examination of specimens showing more marked invaginations. ination. x 7 developed. A further specimen, kindly provided by Dr. R. B. Lucas of the Royal Dental Hospital, show,ed an invagination with a bicornuate end, and an abscess had developed opposite each of the two cornua.
It is clear, therefore, that the development of an abscess in association with the invagination, whether minor or marked, was the cause of pulp death in many of these cases. The evidence also suggests that death of the whole pulp occurs very soon after the abscess forms, for there was no secondary dentine formation on either side of the abscess site. Furthermore, these abscessds were not sterile, for in every case large numbers of micro-organisms could be demonstrated. Although it is possible that the inflammation was originally non-bacterial in origin, the infection having resulted from localization of blood-borne organisms at the site of damage, it seems much more likely that bacteria had reached the pulp directly from the mouth.
An examination of the previous literature showed that, of the histological features observed in invaginated teeth, three might explain the penetration of micro-organisms from the mouth. Each of these theories was examined in relation to the minor degrees of invagination considered here.
(1) Communication betw'een the palatal pulp cornu and -the interior of the invagination.-If the region of the palatal comnu is 'closely examined in the original specimen with a vital pulp, it will be seen that there is a clearly demonstrable line of fusion in the dentine extending beyond the end of the pulp cornu (Fig. 5 ). This fusion with consequent limitation of the palatal cornu was commonly found, but in a few specimens such fusion had not taken place and a long slender extension of the pulp passed round the palatal side of the invaginfation. This extension often passed within 30-40 microns of the inner dentine surface of the invagination, but in no instance was any direct communication found despite the examination of serial sections. Therefore, it appeared that a direct communication between pulp cornu and invagination could not explain the development of the pulp abscess in the majority of cases.
(2) Defects in the dentine between the base of the invagination and the pulp.-It has also been suggested that there is commonly a defect in the dentine between the deepest part of the invagination and the pulp, and Rushton (1937) has shown, in a specimen with gross invagination, that such clefts in the dentine may be filled with enamel. In the minor degrees of invagination studied in the present investigation such a cleft or tubular defect in the dentine was found in only one case. The defect extended from the base of the invagination for a considerable distance into the dentine but did not actually reach the pulp (Fig. 6 ). In this instance, the space was not filled with enamel but with a collagenous imaterial. Although a defect of this nature might well provide an easy pathway for organisms and thus favour the development of a pulp abscess., its presence in only one of 15 specimuens showed that it was not the usual cause of pulp death. Fig. 1 shows the "line of fusion" a defect in the dentine extends towards, but in the dentine beyond the tip of the does not reach the pulp. This defect is quite palatal pulp comu. x 30. separate from the palatal cornu and associated "line of fusion". x 30.
(3) Defects in the enamel lining the invagination.-Previous workers have described a defect in the enamel lining the invagination, a defect which may result in complete absence of enamel over a minute area of the dentine in the deepest part. This observation was repeatedly confirmed in the present investigation. In almost every instance it was possible to trace the position that the enamel 29 505 -Iu I bad occupied, and it was cons7antly noted that, in the deepest part of the invagination, the membrane covering the enamel elsewhere extended directly on to the surface of the dentine (Figs. 7 and 8 ). In one specimen showing a more marked invagination, clearly recognizable residues of the enamel organ ran down the centre of the invagination and degenerating ameloblasts could be seen closely applied to the dentine surface in one area (Fig. 9 ). (1) In permanent maxillary lateral incisors showing minor palatal invaginations, pulp death often occurs in the absence of clinical or histolog cal evidence of caries.
(2) It has been shown that death of the pulp is preceded by the formation; of a pulp abscess in the region of the invagination.
(3) Although the palatal cornu of the pulp passing behind the invagination may come close to the dentine surface, no direct communication between this cornu and the interior of the invagination was demonstrated. (4) In only one specimen was it possible to demonstrate a pathway through the dentine from the base of the invagination towards the pulp. (5) It was constantly found that a minute area of the dentine at the base of the invagination was not protected by enamel.
CONCLUSIONS It is suggested that, following eruption of the tooth and infection of the interior of the invagination, micro-organisms gain access to the dentine in an area unprotected by enamel. Following such bacterial infection, a pulp abscess develops opposite the area of infected dentine and ultimately leads to death of the pulp.
(The original communication was illustrated by 19 photomicrographs showing in detail each of the histological features described.)
